Calcium is known to play an important role in signal transduction, synaptic plasticity, gene expression, muscle contraction etc. A number of researchers have studied cytosolic calcium diffusion but none have studied the effect of sodium over cytosolic calcium profile. Here in this paper we have developed a mathematical model which incorporates all the important parameters like permeability coefficient, calcium flux, sodium flux, external sodium, external calcium etc. Thus we can study dynamically changing calcium with respect to dynamically changing sodium. Further, we have used Space State approach for the simulation of the proposed model which is a novel technique in itself developed in the later part of the twentieth century.
Introduction
Intracellular calcium is known to regulate a number of processes [13] . One of the most important processes is the process of signal transduction. Calcium acts as a switch in the process of signal transduction while converting electrical signal into a chemical signal. Calcium helps in the mechanism of exocytosis by combining with synaptotagmin to release neurotransmitters [9] . There are a number of parameters that affect its mobility and concentration like channels, pumps, leaks etc. Further, Reuter and Seitz found that calcium extrusion in heart muscles is caused by the electrochemical sodium gradient across the plasma membrane. Blaustein also observed that the sodium gradient across the plasma membrane influences the intracellular calcium concentration in a large variety of cells via a counter transport of Na + for Ca 2+ . 
The Mathematical Model
The mathematical model consists of a Ca 2+ flux, Na + flux and a Na + / Ca 2+ exchange pump. The influx of Ca 2+ and Na + currents is modeled using the famous Goldman-Hodgkin-Katz (GHK) current equation [2] while the third parameter Na + / Ca 2+ exchange pump is modeled using the free energy principle [1] . We have assumed a cytosol of radius 5 μm and thickness 7 nm. The proposed mathematical model can be framed using the following system of ordinary differential equations: 
Along with the initial conditions, The influx of Ca 2+ and Na + is modeled using the GHK equation:
here, 'S' is any ion in this case Ca 2+ or Na + . All the parameters have their usual meanings and have values as stated in Table 1 . The value of permeability constant of Ca 2+ and Na + is determined from the fact that conductance or permeability is
where D is the diffusion coefficient and L is the thickness of the membrane [2] . The diffusion coefficients were taken as from Stryer et al. [6] and membrane thickness is taken to be 7 nm [2] . Further, the inward current was taken to be negative and is converted into Molar / second using the faradays constant and using the fact that 1 L = 10 15 μm 3 before being substituted in equation (1) .
where, all the parameters have their usual meanings and V is the volume of the cytosol. Similarly, we can calculate the net flux of Na + ions from the Na + channel.
Na + / Ca 2+ exchange
The Na + / Ca 2+ exchange pump is known as the most important mechanism of Ca 2+ extrusion [15] . This exchange is modeled by equating the electrochemical gradient of both the ions,
Similarly, we can frame for electrochemical gradient of Na + ( Na Δ ). The pump is assumed to be electrogenic in nature as one Ca 2+ leaves the cytosol for intake of three Na + ions. Thus,
Using equation (4) and solving we can obtain the required relation for Na + / Ca 2+ exchange, given in the following equation:
Before solving equation (1) 
Using another transformation of 
Using equation (7) 
here, ε is a dimensionless quantity equal to FV m /RT. If we use matrix notations and use another transformation then equation (8) can be reduced to the form which is readily solvable by the method of Space State,
where,
Solving equation (9 -10) 
Results and Discussion
This section comprises of the results and conclusion obtained from our methodology and hypothesis. The parameters used for simulation are as stated in Table 1 Table In figure 2 , the increasing Na + is plotted against time. Intracellular Na + is in the units of mM and time is on the scale of seconds. Since, there is no parameter in equation 1 to regulate intracellular concentration, therefore, Na + concentration goes on increasing. But that is not the case in reality as there is a Na + / K + ATPase which extrudes excess Na + from inside the cytosol [10] . Further, the Na + / Ca 2+ exchange functions both ways when the Ca 2+ is high it exchanges intracellular Ca 2+ for extracellular Na + and when Na + is high it exchanges intracellular Na + for extracellular Ca 2+ [11] . The numerical results and graphs are obtained using Mathematica 6.0. Since, the model proposed needed to be a linear one we have to drop the non-linear terms and hence the Na + concentration is not decreasing. On the other hand, this paper helps us to observe the apparent effect of Na + / Ca 2+ exchange over intracellular Ca 2+ concentration while keeping the model a simple one.
Further, the use of space state technique simplifies the solution and gives an analytic solution. In a similar manner, we can incorporate more parameters in this model to have a more realistic model which can be used either for simulation of cytosolic diffusion or excitation contraction coupling problem. Also, the solution used obtained here can be used to study the relationship for normal and abnormal conditions which can again be beneficial to biomedical scientists for developing protocols that can be used for diagnosis and treatment of neurological disorders.
